Severe lung damage is a major cause of death in blast victims, but the mechanisms of pulmonary blast injury are not well understood. Therefore, it is important to study the injury mechanism of pulmonary blast injury. A model of lung injury induced by blast exposure was established by using a simulation blast device. The effectiveness and reproducibility of the device were investigated. Eighty mice were randomly divided into eight groups: control group and 3 h, 6 h, 12 h, 24 h, 48 h, 7 days and 14 days post blast. The explosive device induced an explosion injury model of a single lung injury in mice. The success rate of the model was as high as 90%, and the degree of lung injury was basically the same under the same pressure. Under the same conditions, the thickness of the aluminum film can be from 0.8 mm to 1.6 mm, and the peak pressure could be from 95.85 AE 15.61 PSI to 423.32 AE 11.64 PSI. There is no statistical difference in intragroup comparison. A follow-up lung injury experiment using an aluminum film thickness of 1.4 mm showed a pressure of 337.46 AE 18.30 PSI induced a mortality rate of approximately 23.2%. Compared with the control group (372 AE 23 times/min, 85.9 AE 9.4 mmHg, 4.34 AE 0.09), blast exposed mice had decreased heart rate (283 AE 21 times/min) and blood pressure (73.6 AE 3.6 mmHg), and increased lung wet/dry weight ratio(2.67 AE 0.11), marked edematous lung tissue, ruptured blood vessels, infiltrating inflammatory cells, increased NF-jB (4.13 AE 0.01), TNF-a (4.13 AE 0.01), IL-1b (2.43 AE 0.01) and IL-6 (4.65 AE 0.01) mRNA and protein, decreased IL-10(0.18 AE 0.02) mRNA and protein (P < 0.05). The formation of ROS and the expression of MDA5 (4.46 AE 0.01) and IREa (3.43 AE 0.00) mRNA and protein were increased and the expression of SOD-1 (0.28 AE 0.02) mRNA and protein was decreased (P < 0.05). Increased expression of Bax (3.54 AE 0.00) and caspase 3 (4.18 AE 0.01) mRNA and protein inhibited the expression of Bcl-2 (0.39 AE 0.02) mRNA and protein. The changes of pulmonary edema, inflammatory cell infiltration, and cell damage factor expression increased gradually with time, and reached the peak at 12-24 h after the outbreak, and returned to normal at 7-14 days. Detonation injury can lead to edema of lung tissue, pulmonary hemorrhage, rupture of pulmonary vessels, induction of early inflammatory responses accompanied by increased oxidative stress in lung tissue cells and increased apoptosis in mice experiencing blast injury. The above results are consistent with those reported in other literatures. It is showed that the mouse lung blast injury model is successfully modeled, and the device can be used for the study of pulmonary blast injury.
Impact statement
The number of patients with explosive injury has increased year by year, but there is no better treatment. However, the research on detonation injury is difficult to carry out. One of the factors is the difficulty in making the model of blast injury. The laboratory successfully developed and produced a simulation device of explosive knocking through a large amount of literature data and preliminary experiments, and verified the preparation of the simulation device through various experimental techniques. The results showed that the device could simulate the shock wave-induced acute lung injury generated, which was similar to the actual knocking injury. The experimental process was controlled. Under the same condition, there was no statistical difference between the groups. It is possible to realize miniaturization and precision of an explosive knocking simulation device, which is a good experimental tool for further research on the mechanism of organ damage caused by detonation and the development of protective drugs.
Introduction
In recent years, the death rate of young adults has increased due to an increase in war and terrorist activities compared with the death rate attributable to traffic accidents, high fall injuries, and occupational injuries. 1, 2 The most common cause of death of those involved in an explosion is trauma to the chest. 3 Damage caused by an explosion can be divided into four types: 1, shock waves directly injuring the body such as lung blast injury; 2, debris directly impacting the body causing by damage; 3, shock waves caused by the physical displacement of the wound damage; and 4, explosion caused by chemical and thermal damage. Damage caused by shock waves is the most common in these four types of damage. 4, 5 Lung blast injury (LBI) can lead to increased intraarterial pressure, which causes immediate or delayed pulmonary bleeding and alveolar, pulmonary capillary rupture, pulmonary hemorrhage, and pulmonary edema, and further deterioration as well as acute lung injury (ALI), acute respiratory distress syndrome (ARDS), and multiple organ dysfunction syndrome (MODS), which eventually lead to death. 6, 7 Bomb disabled persons manifested as hemothorax and pneumothorax, died of multiple organ failure and septic shock. 8 Therefore, it is of great importance to study the injury process of pulmonary blast injury.
Accurate and reproducible modeling is an indispensable experimental means of studying shock wave-induced lung injury. At present, the existing literature has reported the induction of pulmonary blast injury using nitrogen compression or the direct application of bomb-directed blasting shocks to cause lung injury. [9] [10] [11] [12] [13] [14] [15] However, the experimental conditions of these methods are not controllable and the result of the experiment is quite different. Furthermore, most of the existing equipment is very large and expensive and requires complex operation.
Therefore, it is necessary to be able to study the mechanism of blasting injury, using a method that makes it easy to record the experimental conditions, with a high repetition rate, simple operation, low site requirement, and low cost.
The purpose of this study was to design an explosion shock wave simulation device for pulmonary blasting and verify the damage mechanism of lung blast induced by shock wave alone in mice. We successfully developed a pulmonary blasting simulation device containing a pressure pump to simulate a shock wave generated by blasting. The use of protection device allows the control of the acute model of pulmonary blast injury. Shock waves were exposed only to the chest, while excluding shrapnel and the heat generated by an explosion that can cause damage. The experimental process has a high repetition rate, simple operation, and accurately simulates a pulmonary blast. The miniaturization and precision of the simulation device have been realized. Our results show that pulmonary blast injury can lead to pulmonary edema in mice, pulmonary vascular rupture, and induced early inflammatory response accompanied by increased oxidative stress in lung tissue cells, which increases apoptosis.
Materials and methods

Experimental animals
Eighty healthy male Kunming mice weighing 25-30 g and six to eight weeks of age were purchased from the Shenyang Military Region General Hospital Experimental Animal Center. Mice were fed and allowed access to drinking water ad libitum. Animal welfare and experimental design were approved by the Shenyang Military Region General Hospital Ethics Committee.
Design of a simulation device for lung blasting
The rock blasting shock simulation device was based on a study by Awwad et al. 16 which used an explosion shock model. The LBI model was induced by using compressed air to form a shock wave produced by an aluminum film directed at the chest of a mouse. The lung blasting simulation device consists of four parts: air compression device, fixture, protection device, and data acquisition device. As shown in Figure 1 (a), the bottom of the device is the air compression device, a length of about 100 cm of steel pipe connected to the air pressure pump and power supply. The main device is above a 30 cm steel pipe, the top surface for the wire. The fixed protective cover contains the middle of the connection pressure sensor. The top of the main body and the lower device can be placed in the middle of different thicknesses of an aluminum film, attached by screws. The peak pressure increased by increasing the aluminum thickness, which provides different degrees of lung shock damage. The protection device consists of a hard plastic cylinder, containing a hole for mice to enter, allowing specific parts of the mouse to be exposed to the shock wave. Shock wave pressure data are obtained from the pressure sensor, and measurements are transmitted through a data cable and stored on a computer.
Preparation of mouse LBI model
Mice were anesthetized by the intraperitoneal injection of 2% pentobarbital sodium (1.5 mL/kg). The anesthetized mice were placed in a protective cover, their chest exposed, and the aluminum placed in the middle layer. The screws were fixed and the mouse placed on the wire mesh on the top of the device. The pressure pump compressed the air, increasing the air pressure in the lower device, until the aluminum film ruptured. Then the compressed air instantaneously rapidly expanded from the blasting port at high speed to form shock waves that impact the chest of the mouse. The pressure reading from the sensor is transmitted through a data cable to a computer to form a waveform using the formula: pressure (PSI) ¼ voltage value Â 1000/ 50.08. This converts the computer-recorded electrical signal to a pressure value (Figure 1(b) ) and records the death rate of mice on the spot. After 2 h, the mice regained consciousness and acted slowly, and returned to normal after 6 h.
Experimental grouping
Eighty mice were randomly divided into control groups: 3 h, 6 h, 12 h, 24 h, 48 h, 7 days and 14 days post blast. After the LBI was successfully modeled, the mice were sacrificed at different times. Eighty mice were numbered according to their body weight. Starting from any row in the random number table, 80 random numbers were recorded. In the event of the same number, the next random number was copied. The random numbers were sorted in ascending order. From the sorted number, the first 10 are defined as the first group, and so on.
Heart rate and blood pressure detection
At the end of 3 h, 6 h, 12 h, 24 h, 48 h, 7 days and 14 days post blast, the anesthetized mice of five in each group were treated with a pentobarbital intraperitoneal injection. After the left femoral artery was placed, an artery cannula, a blood pressure sensor was connected to the heart function analyzer. An electrocardiogram was used to continuously monitor the mouse heart rate and blood pressure.
Sample collection
After detecting heart rate and blood pressure, mice were fixed in a prone position to a small animal operating table. After opening the abdominal cavity, the mice were sacrificed by collecting blood through the abdominal aorta. The lungs were removed, and the left lung was placed in 10% formalin buffer. Paraffin embedding and slices were used for HE staining and histological changes were observed. The moisture content of the upper right lobe of Figure 1 . Design and installation of a simulated device for pulmonary blasting. (a) The main body of the device below the air compression device, including a steel pipe, air pressure pump, and power supply; a main device above the wire mesh that is a fixed protective cover; a middle connection pressure sensor. The main body can be placed in the middle of the aluminum film. When connected to the power supply, air is compressed and breaks through the aluminum film resulting in a shock wave on the mouse chest. The other parts of the mouse are under protective cover to block the shock wave. Shock wave pressure data are measured by a pressure sensor, and transmitted to a computer. (b) Pulmonary blast shock simulation device. Anesthetized mice are placed in a protective hood, and the round hole on the exposed shield of the chest is placed against the wire mesh to prevent secondary damage caused by shock waves to the ground. An accurate model of lung blast injury in five mice could be prepared at one time. (A color version of this figure is available in the online journal.)
936 Experimental Biology and Medicine Volume 243 July 2018 the right lung was blotted with filter paper, and weighed on an analytical balance. The wet weight was recorded and it was then placed in a 60 C oven for 72 h to constant weight. The dry weight was recorded and the dry weight was calculated. Tissue residues were placed directly in liquid nitrogen tanks for storage until gene and protein detection.
HE
Paraffin section was dewaxed in water, then hematoxylinstained for 5 min, rinsed with water for 5 min, and then was incubated in 1% acetic acid ethanol for 30 s, washed, stained with 0.5% eosin for 1-3 min, washed in distilled water for 30 s after dehydration, sealed with neutral gum, and observed under a microscope.
Lung injury score
The lung injury was scored according to the HE results and pathologic scoring criteria. 16 Lung injury scores were quantified based on changes in the lung structure. Microscopic damage was scored according to the following variables: alveolar and interstitial inflammation, alveolar and interstitial hemorrhage, edema, atelectasis, and necrosis. The severity of the damage was graded as follows, with each of the seven variables: no damage was graded as 0 points, damage with 25% was 1 point, damage with 50% was 2 points, damage with 75% was 3 points, and diffuse damage was 4 min. The highest score is 28 points and the lowest is 0 points.
Detection of pulmonary vascular injury
After successful modeling, 2% Evans blue (2 mL/kg) was injected intravenously 30 min before the other five mice were sacrificed in each group. After the abdominal injection of 2% pentobarbital sodium (1.5 mL/kg) after anesthesia, the chest was opened, the right atrium was cut, and intrahepatic perfusion of heparin saline (0.9% sodium chloride þ 20 U/mL heparin sodium) was performed followed by a 100 mL rinse. The lung tissue was weighed, cut, placed into 1 mL N,N-Dimethylformamide (DMF), homogenized after 60 C incubation for 24 h, and centrifuged at 12,000 r/min for 20 min. A microplate was used to detect the wavelength at 630 nm absorbance, according to the standard curve calculation of lung tissue based on Evans blue content.
Western blot
The protein samples were added to the corresponding proportion of SDS gel loading buffer, boiled and denatured for 5 min, underwent SDS-PAGE electrophoresis, transferred to 5% skim milk PBST buffer at room temperature for 1 h, and washed in PBST for three times. C. Then, the membrane was washed three times with PBST, and a horseradish peroxidase-labeled anti-mouse secondary antibody (1:4000; cat. no. ab6789; Abcam, Cambridge, UK), anti-rabbit secondary antibody (1:4000; cat. no.ab6721; Abcam, Cambridge, UK) and anti-rat secondary antibody(1:4000; cat. no. ab6734; Abcam, Cambridge, UK) were incubated for 1.5 h at room temperature. The film was washed three times. Proteins were visualized using a Clarity Western enhanced chemiluminescence Substrate (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and a Tanon 5200 Full automatic chemiluminescence image analysis system (Tanon Science and Technology Co., Ltd, Shanghai, China).
Real-time PCR
RNA was extracted with Trizol reagent (Invitrogen, USA). Real-time PCR was performed using SYBR Premix Ex Taq (TaKaRa, Japan) and aMx3000P instrument (Sigma, USA). Gene expression was analyzed by Stratagene Mx3000P software. The primer sequence： NF-jB, 
Immunofluorescence staining
The lung tissue was dewaxed with xylene, an ethanol gradient, 0.1% TritonX-100 for 30 min, and washed three times with PBS for 5 min. Then, 10% sheep serum were incubated for 30 min, incubated with the primary antibody at 4 C in a wet box overnight, then fluorescent secondary antibody staining, microscopic observation and photography.
ROS detection
The lung tissue was frozen in PBS for 5 min twice and dihydroethidium (DHE) was incubated for 10 min in the dark for 10 min. Then samples were immersed in PBS for 5 min twice and observed under a fluorescence microscope.
TUNEL staining
The change in apoptotic cells in each mouse tissue was detected by a TUNEL kit (Cloud-Clone Corp, USA). The procedure was carried out according to the manufacturer's instructions. The apoptotic cell nuclei were stained brown. Five different visual fields were randomly selected at high magnification (Â400) to calculate the apoptotic index.
Statistical analysis SPSS 20.0 software was used for statistical analysis. Measurement data were evaluated by t-test and analysis of variance. The data indicate the mean AE standard deviation, and all statistical tests were bilateral probabilistic tests. The inspection level is a ¼ 0.05.
Results
The thickness of aluminum film is proportional to the burst strength Different thicknesses of aluminum film were used to control the shock wave peak overpressure value, while the same layer thickness of aluminum produced a shock wave waveform that was very similar. Aluminum film thickness was associated with overpressure: 0.8 mm produced 95.85 AE 15.61 PSI peak overpressure (Supplementary Figure A) The number of aluminum layers is proportional to mortality rate Increasing aluminum film thickness increased the mortality of mice with a positive correlation linear relationship (R 2 =0.92) (Figure 3(a) ) according to the pressure and mortality values. A follow-up lung injury experiment using an aluminum film thickness of 1.4 mm showed a pressure of 337.46 AE 18.30 PSI induced a mortality rate of approximately 23.2%.
Pulmonary blast injury causes mouse heart rate and blood pressure disorders
After the blast, mice in each group were incapacitated with a slow breathing rate and mild epilepsy. After 1 h of slow recovery from anesthesia, the mice were weak, slow, and had a loss of appetite. Compared with the control group, the heart rate of the experimental mice was significantly decreased (P < 0.05) within 3-12 h, returned to normal at 24-48 h, was significantly increased at 7 days (P < 0.05), and returned to normal at 14 days (Figure 3(b) ). Compared with the control group, the blood pressure was significantly decreased (P < 0.05) at 3-12 h, then returned to normal (Figure 3(c) ).
Pulmonary injury is caused by LBI
Compared with the control group, the wet/dry weight of lungs was significantly higher in the 6 h, 12 h and 24 h groups (P < 0.05), and returned to normal at 24 h (Figure 3  (d) ). Pulmonary edema after 12 h was observed. Mice in the control group had intact lung tissue with no obvious bleeding. In the 3-h group, a large number of diffuse bleedingspots gradually increased with time. During the 12-48-h period, the most serious mass (Figure 4(a) ) HE staining showed that alveolar cavities were fused with bullae like changes, inflammatory cell infiltration, and alveolar wall thickening (Figure 4(b) ). According to the lung injury score, there was obvious lung injury (P < 0.05) at 3 h and the injury increased with time and reached a peak at 12 h (P < 0.05), then gradually recovered at 7 days compared with the control group (Figure 4(c) ). The Evans blue test showed pulmonary vascular breakdown after pulmonary blast injury, and pulmonary vascular rupture led to the leakage of Evans blue dye into the lung tissue. The degree of diffuse vascular leakage reached a peak at 24 h (P < 0.05), followed by a gradual decrease in injury and recovery at seven days (Figure 4(c) and (d) ). ......................................................................................................................................................... ...
Inflammation of lung tissue is induced by pulmonary blast injury
Western blot and real-time PCR showed the expression of NF-jB in the 3-h group was decreased with time compared with the control group. TNF-a and IL-1b in the 3 and 6-h groups were unchanged compared with the control group and IL-6 in the 6-h group was significantly higher than in the control group (P < 0.05) (Figure 5(a) to (f) ). Immunofluorescence was used to detect NF-jB in the lung tissue and showed similar results to the Western blotting and real-time PCR (Figure 5(g) ).
Oxidative stress response is induced by LBI in lung tissues of mice Western blot and real-time PCR were used to detect oxidative stress-related factors in lung tissues. Compared with the control group, the expression of SOD-1 was decreased and the expression of MDA5 and IREa was increased in the 6-h group, reaching the peak, followed by a decrease in the expression (Figure 6(a) to (d) ). Detection of ROS in the lung tissues revealed that the blastocyst injury significantly increased ROS expression over time, which reached a peak at 24 h and then gradually recovered (Figure 6(e) ).
Apoptosis of mouse lung tissue is induced by LBI
Western blot and real-time PCR were used to detect apoptosis-related factors in lung tissues. Compared with the control group, the expression of Bcl-2 decreased gradually with the blast time, reached a peak at 24 h, and then returned to normal. Bax was normal at 12-48 h. The expression of caspase 3 increased gradually with blast time, reached a peak at 24 h, and then gradually returned to normal (Figure 7(a) to (d) ). TUNEL results showed that pulmonary blast injury induced lung injury that increased with time until it reached a peak at 24 h and gradually returned to normal (Figure 7(e) ).
Discussion
The study of lung injury caused by blast injury is a focus of global research on blast injury, but its detailed damage process and molecular mechanisms are not clear. In this study, an accurate model of pulmonary blast injury in mice was developed. The damage and molecular changes in lung tissue were studied at different time points after successful blasts. The results showed mouse heart rate and blood pressure disorders, significant edema of lung tissues, vascular rupture, pulmonary tissue diffuse bleeding at 3 h after pulmonary blast injury, and that the lung injury gradually increased between 12 to 24 h post damage, which then returned to normal. Previous studies reported that shock waves induced rat and mouse alveolar and pulmonary capillary injury, pulmonary hemorrhage, and pulmonary edema. [17] [18] [19] Clinical studies have shown that the initial signs of LBI are cough, hemoptysis, and other pulmonary symptoms. Some of them have hemothorax and/or combined pneumothorax. The majority of patients have lung infections with high mortality. The main cause of death is shock, respiratory failure, or septicemia.
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Figure 3. The aluminum layer membrane is proportional to the mortality rate, pulmonary blast injury and mouse heart rate, blood pressure disorders, and pulmonary edema. (a) A positive correlation between the mortality of mice and aluminum film thickness was observed. (b and c) The effects of pulmonary blast injury on heart rate and blood pressure were detected in mice. (d) The wet and dry weights of lung tissues were measured, and the change in their ratio was compared. *P < 0.05, compared with the control group, n ¼ 5.
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This study found that blast injury increased the number of inflammatory cells in the lung tissue, and induced alveolar fusion into the lung cavity and alveolar wall thickening, which were visible after the start of the blast injury and increased with an increase in damage until a peak at 24 h post blast, and then gradually decreased. The expression of NF-jB, TNF-a, IL-1b, IL-6, and IL-10 was detected by Western blot, real-time PCR, and immunofluorescence assay. The results showed the different expression of inflammatory factors (P < 0.05). However, the expression of NF-jB reached a peak at 3 h, and the expressions of TNF-a, IL-1b and IL-6 reached a peak at 12 h.
The anti-inflammatory cytokine IL-10 began to decrease at 6 h after pulmonary blast injury, reached a trough at 12 h, and then gradually increased. Monocyte chemoattractant protein-1 (MCP-1) and cytokine-induced neutrophil chemokine-1 (CINC-1) mRNA was high expression in the lungs of the rats treated with 140 kPa (20.31 PSI) at 2 d, and all inflammatory mediators returned to normal at 8 d. 22 Another study found that rats exposed to 120 kPa (17.40 PSI) overpressure induced myeloperoxidase, CINC-1, ICAM-1, and iNOS activation, as well as diffuse bleeding inflammation at 48 h and that inflammatory symptoms had disappeared by 192 h. 23 Although this study found that pulmonary blast injury caused pulmonary inflammatory responses, the activation time of the inflammatory response with the shock wave overpressure and experimental animal species varied. Pulmonary contusion and pulmonary blast injury pathogenesis were induced by a high pressure wave on the chest, which increased the intrathoracic pressure, oppression of the lungs, pulmonary hemorrhage and edema, when the external force to eliminate the deformation of the thoracic bounced back in the chest. Pressure can lead to additional damage to the original injury area and pathological changes in alveoli and capillaries. [24] [25] [26] [27] [28] Pulmonary contusion studies have shown that 2-3 h after mouse lung contusion IL-6, TNF-a expression increased, IL-10 expression decreased, and inflammatory responses were activated. [29] [30] [31] In a clinical study of military personnel exposed to explosions, blood samples from 62 military personnel were tested for acute peripheral blood cytokine levels and the results showed that moderate shocks could result in significant increases in IL6 and TNF-a concentrations. 32 In summary, the shock waves caused by lung injury in mice induces early inflammatory responses, but if the subject does not succumb they will gradually recover over time.
This study found that pulmonary blast injury activated oxidative stress in lung tissues. The results of ROS staining showed that the oxidative stress response after LBI was gradually activated, reached a peak at 24 h, then gradually recovered. The expression of MDA-5 and IREa was induced by pulmonary blast injury, and the expression of SOD-1 was inhibited. MDA5 reached a peak at 12 h, IREa reached a peak at 24 h, and SOD-1 reached a trough at 48 h post blast. Oxidative stress induced by LBI was most ............................................................................................................................................................ severe at 24 h and slightly slower than the activation of the inflammatory response. Studies of rats exposed to 120 kPa (17.40 PSI) overpressure showed, oxidative stress was induced at 24-48 h, that myeloperoxidase (MPO), heme oxygenase-1 (HO-1), antioxidant enzyme and manganese superoxide dismutase (MnSOD) expressions were induced, protein oxidation and nitrification were increased, and the symptoms were recovered at 192 h after exposure. 23 Lavery et al. 33 showed that the blast injury can be an indirect physiological disease that causes bradycardia, hypotension, tissue hypoxia, and oxidative stress. Other studies have shown that the blast injury induced free radical-mediated oxidative stress in the lungs as well as antioxidant depletion, lipid peroxidation, and hemoglobin (Hb) oxidation. 34 Liener et al. 35 showed that MPO activity reached peak values at 6 h and 72 h after pulmonary contusion in rats. The results of the above studies show that lung injury induces the activation of oxidative stress in lung tissues.
This study found that the pulmonary blast injury induced lung tissue apoptosis which was most marked at 12-48 h post blast, and was based on the expressions of Bax and caspase 3 that increased the inhibition of apoptosis factor Bcl-2 expression. All reached a peak at 24 h. 35 Liener et al. showed that the number of apoptotic cells in lung tissue was highest at 48 h after pulmonary contusion and that the expression of caspase 8 was increased by 39%. Other studies showed that the pulmonary contusions induced the expression of caspase-3 and Bax 36, 37 and that the pulmonary contusion induced rat type II alveolar epithelial cell apoptosis, which reached a peak at 48 h, while no difference was seen for FasL, Fas, caspase 8 and caspase 3, Bax and Bcl-2. 38 Our results confirm those of previous studies and show that the impaired lung injury induces apoptosis.
In conclusion, pulmonary blast injury induced early inflammatory responses, oxidative stress responses, and apoptosis. We developed a pulmonary blasting simulation device to investigate mouse LBI. The resulting lung injury was the same as the lung injury caused by existing pulmonary blasting simulation devices. However, compared with conventional devices, it has the advantages of simple operation, controlled process, high repetition rate controlling the shock wave acting on the chest only. Our results found that the impact of different overpressure shock waves caused different degrees of injury, inflammation, oxidative stress, and apoptosis over time. The greater the lung tissue inflammatory response, oxidative stress response and activation of early apoptosis, the more serious the consequences to the subject. 
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